Scarce data exist on the relationship between diabetes and extrapulmonary tuberculosis (EPTB). We evaluated whether diabetes impacts site of TB and risk of death in patients with EPTB. We evaluated a cohort of TB cases from the state of Georgia between 2009 and 2012. Patients aged ≥16 years were classified by diabetes status according to medical records. Site of EPTB was determined by culture and/or state TB classification. Death was defined by all-cause mortality. Of 1325 eligible reported TB cases, 369 (27.8%) had any EPTB including 258 (19.5%) with only EPTB and 111 (8.4%) with pulmonary TB and EPTB. Of all TB cases, 158 had diabetes (11.9%). In multivariable analysis, the odds of any EPTB was similar in patients with and without diabetes [adjusted odds ratio 1.04, 95% confidence interval (CI) 0.70-1.56]. The risk of death was 23.8% in patients with EPTB and diabetes vs. 9.8% in those with no diabetes (P < 0.01); after adjusting for covariates the difference was not significant (aRR 1.19, 95% CI 0.54-2.63). Diabetes was common in patients with EPTB and risk of death was high. Improved understanding of the relationship between diabetes and EPTB is critical to determine the extent that diabetes affects TB diagnosis and clinical management.
Introduction
Globally, there are an estimated 9 million annual incident cases of active tuberculosis (TB) [1, 2] . The 2014 estimated worldwide prevalence of type 2 diabetes was 8.3% (387 million persons) in adults, and is expected to surpass 590 million persons by 2035 [3] . The risk of active TB disease in patients with diabetes mellitus is estimated to be three times the risk of the general population and 15% of global active TB cases are attributable to diabetes [4] [5] [6] . Patients with diabetes may also have a greater risk of poor TB outcomes, including death and relapse [7] . Poor outcomes in patients with TB and diabetes may be due to immune impairment caused by diabetes [8, 9] .
Nearly 15% of global TB cases are extrapulmonary tuberculosis (EPTB) cases. EPTB presents challenges to TB control because it is harder to diagnose [10] and certain forms are associated with worse outcomes [11] . Incidence of EPTB occurs more commonly in persons with impaired innate immunity [12, 13] , renal disease [14] , and HIV [15, 16] . Certain EPTB sites, including more severe sites such as central nervous system (CNS), are associated with HIV and lower CD4 cell count [17] . Although immune deficiency also occurs with diabetes, little is known about the epidemiological or clinical relationship between diabetes and EPTB.
Patients with diabetes are at increased risk of infections, including soft-tissue infections (S. aureus, Candidia albicans) [18, 19] , group B streptococcus [20] [21] [22] , and genitourinary infections (Enterobacteriaceae) [23, 24] . The immune mechanisms that place patients with diabetes at increased risk of infections, including TB, may also increase the risk of EPTB.
If diabetes creates differential risk of EPTB, then this would have important implications for the clinical diagnosis and treatment of TB in patients with diabetes. Few studies have examined the relationship between diabetes and likelihood of EPTB. Moreover, even less is known regarding the risk of mortality in patients with EPTB and diabetes. Therefore, we aimed to determine the association between diabetes and EPTB and to determine the association between diabetes and risk of all-cause mortality during TB treatment in patients with EPTB.
Methods
We conducted a retrospective observational study of all TB cases reported to the state of Georgia between January 2009 and September 2012 as described previously [25] . Eligible participants included all patients with pulmonary TB (PTB) or EPTB, aged ≥16 years, and whose case was reported to the Georgia state TB register during the study period.
Definitions
The study outcomes of interest included site of TB disease and all-cause mortality. Site of TB disease was determined by culture and radiography and categorized as PTB, EPTB, or both combined. Further location of EPTB was determined using a combination of clinical diagnosis, radiography results, and specimen culture type. All-cause mortality was determined from patient medical records. Death from any cause occurring before or during TB treatment was defined as a death for this analysis.
The primary exposure of interest for all analyses was diabetes mellitus status. All patients were asked if they had ever been diagnosed with diabetes; patients who self-reported having diabetes were categorized as having diabetes. Additionally, medical records were reviewed and used to determine if diabetes status was previously diagnosed. As per standard of care, clinicians performed baseline blood chemistry tests, including random blood glucose, on all patients with TB and the results were also used to indicate diabetes status in the Georgia state TB register.
Patients' demographic and clinical characteristics were abstracted from the Georgia state TB registry and from medical records as described previously [25] . Key covariates of interest in this study included HIV status, foreign place of birth, and end-stage renal disease (ESRD).
Data analyses
We examined the association between diabetes status and site of TB, and the association between diabetes and risk of all-cause mortality. We used bivariate analyses (χ 2 test for categorical variables and Kruskal-Wallis test for continuous variables) to determine the association between diabetes, patients' characteristics, and the outcome site of TB: pulmonary, extrapulmonary, or both combined. Logistic regression was used to report odds ratios (OR), adjusted odds ratios (aOR), and 95% confidence intervals (CI) to compare the likelihood of having (1) EPTB-only, (2) both EPTB and PTB, or (3) any EPTB (patients with EPTB-only or both EPTB and PTB) by diabetes status and patients' clinical/ demographic characteristics. For all three logistic models, the referent outcome comparison was to patients with PTB. To compare risk of all-cause mortality during EPTB treatment in patients with and without diabetes, we used log binomial regression to report risk ratios (RR), adjusted risk ratios (aRR), and 95% CI. Covariates included in regression models were chosen based on factors considered to be confounders (associated with both diabetes status and the models' outcome of interest) and using directed acyclic graph theory [26] . In multivariable analysis for the outcome site of TB, statistical interaction between diabetes and the covariates HIV, ESRD, and sex was assessed by including multiplicative terms in regression models [27] . For statistical tests, patients with HIV-positive results were compared to a composite group of all other patients (HIV negative and unknown HIV status). A two-sided P value ≤0.05 was considered statistically significant throughout all analyses.
Ethical review
The study was approved by the Institutional Review Boards of Emory University and the Georgia Department of Public Health.
Results
There were 1428 patients with active TB reported to the state of Georgia during the study period. A total of 1325 (93%) patients with active TB were eligible for inclusion in the present study. Overall, patients were mostly male (67%), US-born (55%), and African American (48%), with a median age of 45 years (interquartile range 31-57). HIV status was known for 1231 patients (93%), 54 patients were not offered an HIV test, 22 refused, and 18 had missing information. Diabetes was prevalent in 11.4% of patients, 11.1% had HIV, and 0.5% had both diabetes and HIV. EPTB was present in 369 (27.8%) patients: 258 (19.5%) had only EPTB and 111 (8.4%) had both PTB and EPTB (Table 1 ). Of patients with any EPTB, common sites of infection included lymphatic (n = 102, 27%), bone or joints (n = 31, 8.4%), CNS (n = 37, 10%), and pleural (n = 100, 27%) ( Fig. 1 ). Of 42 patients with diabetes and any EPTB, lymphatic (n = 9, 21%) and pleural (n = 14, 33%) were the most common sites of infection ( Supplementary Table 1 ). In addition, six (14%) of those with diabetes and any EPTB had ESRD.
The prevalence of any EPTB-only in patients with diabetes was 26.6% compared to 28.0% in those without diabetes (P = 0.66). The prevalence of EPTB-only in patients with diabetes was 17.1% compared to 19.8% in those without diabetes and the prevalence of PTB and EPTB-only was 9.5% (diabetes) and 8.2% (no diabetes). Only ESRD, HIV, and male sex were significantly associated with EPTB. In multivariable analysis, patients with diabetes, compared to patients without diabetes, were non-significantly more likely to have both PTB and EPTB (aOR 1.39, 95% CI 0.75-2.58) after adjusting for age, sex, race/ethnicity, HIV status, ESRD and recent homelessness ( Table 2) .
Of 369 patients with any EPTB, 42 (11%) died including 31% (13/42) before TB treatment initiation ( In an assessment of statistical interaction, the effect of diabetes on prevalence of any EPTB was not significantly different by HIV, ESRD, or sex. However, there was a non-significant trend (P = 0.42) for increased prevalence of EPTB in those with diabetes and ESRD (aOR 4.22, 95%CI1.11-16.13) compared tothose without diabetes and ESRD (aOR 2.17, 95% CI 0.86-5.46). Similarly the effect of diabetes on risk of death in patients with EPTB was not significantly different by HIV, ESRD, or site of extrapulmonary infection.
Discussion
In this retrospective cohort of adult patients with any EPTB from the state of Georgia, diabetes was common (11.4%) and lymphatic and pleural sites of infection were the most frequent sites of extrapulmonary disease in patients with diabetes and EPTB. Of patients with EPTB-only, the prevalence of diabetes (10.5%) was also high, and similar compared to the prevalence of HIV (10.9%). We did not find that patients with diabetes were more likely to have EPTB compared to PTB. We did observe a high proportion (23.8%) of all-cause mortality in patients with EPTB and diabetes, although the observed crude association between diabetes and risk of death was largely due to other patient factors associated with death in those with diabetes, most notably age and ESRD. Our study also confirmed previous findings that HIV is associated with EPTB [1] and an increased risk of death in patients with EPTB [11] , and we reported ESRD to be associated with both EPTB and increased risk of death.
Few previous studies to date have examined the association between diabetes and EPTB. One population-based study of adult TB patients (n = 1194) in Galicia, Spain, reported a non-significant increased odds of having EPTB vs. PTB in patients with diabetes (OR 1.48, 95% CI 0.89-2.47) [28] . Another study analysing TB cases during 2007-2011 from Brazil's Notifiable Disease Surveillance System reported that 8.4% of patients with diabetes had EPTB compared to 14.7% in those without diabetes (P < 0.01) [29] . The multivariable model from the Brazilian analysis only adjusted for clinical characteristics and did not aim to estimate the association between diabetes and EPTB. Third, a Taiwanese hospital-based study of 766 patients with TB reported that diabetes was associated with decreased likelihood of EPTB (aOR 0.41, 95% CI 0.22-0.76) [14] . However, the Taiwanese study used stepwise regression methods and likely adjusted for factors on the causal pathway between diabetes and risk of TB leading to a biased effect of diabetes on risk of EPTB. Considering our results in the context of previous studies, the majority of existing data suggest that diabetes likely does not increase the risk of EPTB. Nonetheless, the global prevalence of diabetes will continue to increase substantially in the next 20 years, and given the paucity of studies that were specifically designed to examine the relationship between diabetes and EPTB, more investigations will be needed. Future diabetes EPTB studies will likely be improved by Xpert assay technology which has recently been demonstrated to be a sensitive and specific tool to detect and diagnose EPTB [10] .
The high all-cause mortality rate (11.4%) in patients with EPTB observed in this study is also consistent with previous reports of mortality in patients with EPTB in the state of Georgia. For example, in a study conducted during 1995-2001, Kourbatova et al. reported the 12-month mortality rate in patients with EPTB at an inner-city Atlanta hospital was 14.6% [11] . In our study the unadjusted risk of death in patients with EPTB and diabetes was more than twice the risk in those without diabetes; however, this apparent increased risk of death was likely confounded by age and ESRD. In this study, age and ESRD were associated with both diabetes and with increased risk of death, after adjusting for age, ESRD, and other factors, the estimated effect of diabetes on risk of death was substantially attenuated (RR 1.19, 95% CI 0.54-2.63).
We did not detect significant statistical interaction between diabetes and HIV, ESRD, or sex. However, the finding that patients with both ESRD and diabetes had an increased trend towards any EPTB (aOR 4.22 95% CI 1.11-16.13) suggests there may be synergy between ESRD and diabetes with the risk of EPTB. Chronic renal disease is a risk factor for active TB [30] and previous studies reported a high prevalence of EPTB in patients on dialysis [31] and ESRD [14] . Consistent with our findings that ESRD is associated with more than twice the odds of EPTB, a study in Taiwan reported that the odds of EPTB was significantly higher in patients with ESRD (aOR 3.74, 95% CI 1.45-9.67) [14] . Kidney damage may lead to an increased risk of developing EPTB in part due to latent TB infection existing in kidneys. A recent study of 49 necropsy specimens from Mexican patients who died from causes other than TB found that 43 had mycobacterical DNA in EPTB sites, including 79% (34/43) with mycobacterial DNA in the kidneys [32] . Globally, the number of patients receiving renal replacement therapy doubled during 1990-2010 and is expected to double again by 2030, reaching 5.4 million people [33] . Given the aetiological connection between diabetes and ESRD, and the marked expected increases in both diseases, an improved understanding of the diabetes-ESRD-TB epidemiological relationships are needed. Specifically, whether the risk of EPTB in patients with ESRD is modified by diabetes should be evaluated in future studies.
Although not the primary focus of our study, we also found that ESRD and HIV were significantly associated with all-cause mortality, even after adjusting for multiple patient clinical characteristics. To our knowledge, our study is the first to report that ESRD is associated with all-cause mortality in patients with EPTB even after adjusting for key confounders such as age, HIV, and diabetes. Uraemia from ESRD is associated with persistent immune inflammation and reduced T-cell activation which may also contribute to increased mortality [34] . We previously reported HIV to be associated with CNS site of infection in patients with EPTB [17] , and CNS site of infection is associated with increased risk of mortality [11] . Unlike this study that reports HIV to be significantly associated with all-cause mortality in adjusted analyses, Kourbatova et al. reported that HIV was associated with mortality only in unadjusted analysis [11] .
This study is subject to some limitations. First, we did not systematically screen all patients in this study for diabetes using haemoglobin A1c or another widely accepted diagnostic technique to measure diabetes. Instead we relied on medical record abstraction and selfreported diabetes status, consequently our measure of diabetes was subject to misclassification. Nonetheless, all patients did receive general blood chemistry tests and therefore patients with high glucose levels would likely be identified as having diabetes. In addition, self-reported diabetes status has been found to have high specificity, in our study patients were probably not falsely misclassified as having diabetes. Second, our study was unable to assess the relationship between glucose control, duration of diabetes, or immune function with EPTB. While we did not observe an association between diabetes and EPTB or site of EPTB, patients with poorly controlled diabetes may have greater immune impairment and more likely to have certain sites of EPTB; we were unable to examine this association. Third, specimen cultures were not available for all patients with EPTB, therefore classification of EPTB and site of EPTB may be misclassified. Nonetheless, we performed a subgroup analysis in only patients who had a positive EPTB specimen culture (data not shown). The magnitude, direction, and statistical significance of the subgroup analyses was the same as reported in our primary analyses.
Conclusion
The increasing global prevalence of diabetes has important implications for public health management of TB. Improved understanding of the relationship between diabetes and risk of EPTB is also critical to characterize the extent to which diabetes will affect TB diagnosis and clinical management. Our study thoroughly examined the relationship between diabetes and EPTB and found that diabetes does not significantly increase the likelihood of EPTB. Nonetheless, as incident active TB cases continue to decrease in the United States, a larger proportion of new TB cases in the United States will arise due to reactivation [35, 36] and consequently a greater proportion due to diabetes. If a larger proportion of TB cases in the United States are attributable to diabetes, the relationship between diabetes and EPTB will require re-examination. 
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